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[57} ABSTRACT

A transducer and frequency discriminator circuit in-
cluding a four-terminal circulating diode bridge, a first
pair of capacitors connected in series across two ter-
minals of the bridge, and a second pair of capacitors,
or other impedance elements, connected in series-
across the other two terminals of the bridge. A source
of balanced alternating electrical energy for energizing
the circuit is coupled between the commonly con-
nected plates of the first pair of capacitors and the
commonly connected plates of the second pair of ca-
pacitors. Due to the operation of the diode bridge, the
sum of the resultant charges developed on the first
pair of capacitors is proportional to the :relationship
between the respective capacitors of the second pair.
and consequently, an output voltage taken across the
first pair of capacitors will be proportional to that re-
lationship.
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- DIODE-QUAD BRIDGE CIRCUIT MEANS

The invention described herein was made by employ-
ees of the United States Government and may be man-
ufactured and used by or for the Government for gov-
ernmental purposes without the payment of any royal-
ties thereon or therefor.

This application is a continuation of U.S. Pat. appli-
cation Ser. No. 209,618 filed Dec. 20, 1971, now aban-
doned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to electrical
measuring apparatus and more particularly to trans-
ducer and discriminator circuits utilizing a four-
terminal circulating diode bridge in combination with
various impedance elements to produce an output sig-
nal which is proportional to a relationship between at
least two of the impedance elements.

2. Description of the Prior Art

Certain types of transducer circuits can also be used
as frequency discriminator circuits. Where one of these
types of circuits is utilized as a transducer circuit, the
frequency of the energizing signal is usually maintained
constant, and the value of one of more of the imped-
ance elements is varied to produce an output. Where
the circuit is used as a discriminator circuit, the imped-
ances of the various impedance elements are usually
held constant and the input frequency is varied to pro-
duce an output. In the former case, the output signal is
proportional to an impedance change from a reference
value, while in the latter case, the output signal is pro-
portional to the frequency of the input signal.

Many prior art transducer/discriminator circuits have
utilized diode impedance bridges wherein diodes form
two arms of the bridge and capacitors and/or resistors
form the other two arms. In such circuits, the resistors
serve as discharge elements for the capacitors following
each charging cycle. Examples of such circuits, may be
found in the U.S. Pats. to Mayes, No. 2,929,020; Lion,
No. 3,012,192; Lion, No. 3,260,934; Lode, No.
3,271,669; Lode, No. 3,318,153; and Harrison, et al,,
No. 3,545,275. Among the disadvantages of these prior
art types of circuits are that the sensitivity of the circuit

usually depends upon the characteristics of. the non- -

varied impedance element and upon the waveform of
the energizing signal source; the circuit is usually fre-
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quency dependent, and the source impedance of the

circuit is usually determined at least in part by the val-
ues of the resistors.

SUMMARY OF THE INVENTION

An object of the present invention is the provision of
a transducer/discriminator circuit which -provides an
accurate output voltage for a static or dynamic change
in impedance or frequency over a wide temperature
range using a minimum of circuit components.

Another object of the present invention is the provi-
sion of a transducer/discriminator circuit which is sub-
stantially more sensitive than prior art circuits.

Briefly, a transducer/discriminator circuit in accor-
dance with the present invention (hereinafter called
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simply “transducer circuit”) includes a four-terminal

circulating diode bridge, a first pair of capacitors con-
nected in series across two terminals of the bridge, and
a second pair of capacitors, or other impedance ele-
ments, connected in series across the other two termi-

2

nals of the bridge. A source of alternating electrical en-
ergy for energizing the circuit is coupled between the
commonly connected plates of the first pair of capaci-
tors and the commonly connected plates of the second
pair of capacitors. Due to the operation of the diode
bridge, the sum of the resultant charges developed on
the first pair of capacitors is proportional to the rela-
tionship between the respective capacitors of the sec-
ond pair and consequently, an output voltage taken
across the first pair of capacitors will be proportional
to that relationship.

Certain advantages of the present invention will no
doubt become apparent to those of ordinary skill in the
art after having read the following detailed description
of the preferred embodiments which are illustrated in
the several figures of the drawings.

IN THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a simplified
embodiment of a transducer circuit in accordance with
the present invention;

FIG. 2 is a diagram illustrating the operauonal char-
acteristics of the transducer circuit shown in FIG. 1;

FIGS. 3-5 illustrate alternative means for providing
a smgle ended output in the transducer circuit |l|us-
trated in FIG. 1,

FIGS. 6~13 are schematic dlagrams lllustratmg alter-
native embodiments of transducer circuits in accor-
dance with the present invention; and

F1G. 14 is a schematic diagram illustrating a trans-
ducer circuit utilizing a single pair of conductors as a
means of exciting a remote transducer and extracting
an output signal therefrom.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1 of the drawings, a simplified
embodiment of a circuit in accordance with the present
invention is illustrated which can be used as either a
transducer circuit for developing a DC output signal
proportional to the change in impedance of a variable
impedance transducer, or as a frequency discriminator
circuit for developing a change in output voltage pro-
portional to a change in frequency. The illustrated cir-
cuit includes a four-terminal! diode bridge 10 having
terminals 12, 14, 16 and 18 consecutively coupled to-
gether by four diodes Dy, Dy, D3 and D,. The diodes D,
- D, are polarized in current circulating relationship to
form a bridge circuit generally referred to as a circulat-
ing diode-quad.

Connected in series between the bridge terminals 12
and 16 are a pair of capacitors C, and C, which are
preferably matched and of equal value. Coupled in se-
ries between the bridge terminals 14 and 18 is a first
impedance element, which may include a fixed capaci-
tor C3, and a second impedance element which may in-
clude a variable capacitor C,;. Where the circuit is used
as a transducer circuit, the variable capacitor C, com-
prises the operative portion of a capacitive transducer,
the physical embodiment of which depends upon the
particular application. The capacitance of capacitor C,
is typically chosen as the mid-range value of capacitor
C,. Alternatively, capacitor C; could be the variable el-
ement or both C; and C, can be varied in a differcntial
manner to produce differentially varying capacitances.

For energizing the transducer circuit with an alter-
nating input signal E,,. a signal source 20 is coupled be-
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tween a first input terminal 22, which is connected to
a circuit junction 24 between the commonly connected
plates of capacitor C, and capacitor C,, and a second
input terminal 26, which is connected to a circuit junc-
tion 28 between the commonly connected plates of ca-
pacitor C; and capacitor C,. Signal source 20 may be
any source of alternating electrical energy capable of
providing a signal of alternating polarity. A first output
terminal 30 is coupled to bridge terminal 12 and a sec-
ond output terminal 32 is coupled to bridge terminal
16.

The "output signal E,,, developed across terminals 30
and 32 will be proportional to the difference in the ca-
pacitance of capacitors C; and C,. This can be under-
stood by referring to FIG. 2 of the drawings, which
shows the excitation waveform E;, and a positive DC
output signal E,~ which are present at output terminals
30 (at output terminal 32 a similar waveform and DC
output are developed except that the DC voltage is neg-
ative). During the time that V, (the positive portion of
E;,) is applied, diode D, is forward biased chargmg ca-
pacitor C; to a value.

4=V, _Ca-

' (h
A like amount of charge is, of course, also removed
from capacitor C,. When the input voltage E;, then re-
verses polarity, diode D, is back biased and turned
OFF, and diode D, is forward biased by V, (the nega-

tive portion of E;,) causing capacitor C, to be charged
to a value

g2 =V, Cs.

’ (2)
Since the net charge on capacitor C, must be zero, that
is

Lt AQ= T @ 0
3)
it can be shown that -
ViG=V,C
(4)

or rearranging, that
(ViIVy) = (Ci/Cy).
(5)

From FIG. 2 it will be noted that V, may be expressed
as: ’ .

Vl = Ep + EU('
(6)
and V, can be expressed as
V,=E, - Epe,

7

where -
E, is the peak voltage of E;,, and £Epc is the appro-
- priate DC output voltage at terminals 30 and 32.
Substituting these values into equation (5) gives

5
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-For signal frequencies much lower than f,.

4

— Epc) = (C4lGy). -
(8)

( Vu + ED(')/Vp

By algebraic manipulation the voltage E,¢/V, devel-
oped at output terminal 30 can be solved for and ex-
pressed as

(EpclVy) =(Cy — CHICy + Cy).
(9)

In a similar manner it can be shown that the voltage de-
veloped at output terminal 32 is

(EoclVy) = HCs — CJCs + C),
(10)
where only the polarity has changed: By measuring the
total voltage E,,, developed across output terminals 30

and 32, a voltage doubling effect is obtained which can
be expressed as

(EpclVp) = 2(C3 — CHI(C3 + Cy). -
(th)
For a differential change in capacitors C; and C,, that
is, where
Cy3=Cy — AC

(12)

and
- Cy=Cy+ AC,
(13)

the sensitivity of the output can be calculated from
equation (11) and is expressed as

(AEp /VIACIC) = 2.

(14)

Thus, for a differential change .in AC/C of *1% -and
an exciting potential (E;,) of =10 volts, the change in
output signal AE,,, is approximately 200 millivolts. As
much as 600 millivolts can be obtained before the sili-
con diodes utilized in the preferred embodiment pro-
duce a saturating effect. Noise levels as low as 0.026

‘microvolts rms/B"? (where B is the band width in H,)

have been measured. This means that a fractional
(AC/C) change in capacitance of 2 X 10 ~%B"2 can be
measured with this circuit.

Since the signal voltage E;, is supplied from an exci-

~ tation generator 20 at a selected frequency fe, and since

the signal current, I;, flows through capacitors C; and
C, in series, the source lmpedance X, of the transducer
in the circuit is

Xs = (C:l + C4/21Tf,-C3C4).

(s

the trans-
ducer capacitance acts as a resistor with an effective

‘value R, = X,. This equivalent resistive source is then

loaded by C,, C;, shunting cable capacitance, and by
loading elements such as R, C, and L connected across
the output terminals. Furthermore, so long as the val-
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ues of ¢apacitors C, and C; are much greater than the

“*value of capacitor C; and C,, the potentials at output

terminals 30 and 32, relative to circuit ground, remain

relatively uneffected by change in the frequency of
source 20.

The circuit illustrated in FIG. 1 can be converted
from a differential output device to a single-ended out-
put device through the use of output circuits such as
those illustrated in FIGS. 3, 4 and 5. Like numbered
terminals are to be connected to like numbered termi-
nals. In the FIG. 3 embodiment the resistors R should
be of equal value for symmetrical performance. Note
that the resistors R will add to the source impedance.
The relationship between the values of R and C should
be

(l/woul) >>RC>> (l/win)
(16)

where

w;, is the angular frequency of the energizer rf volt-
age and

oy 'is the highest’ angular frequency of the signal to

be detected.
Where it is desirable that the static source impedance
not be influenced by the output circuit, the resistors R
may be replaced by the inductors L as shown-in FIG.
4, ‘

The output circuit illustrated in FIG. 5 includes a
variable capacitor C; connected in series with a fifth ca-
pacitor C, between terminals. 30 and 32, and in combi-
nation with the RC components shown.in the previous
single-ended output circuits. When the terminals 30, 18
and 32 are connected to the like numbered terminals
of the FIG. 1 embodiment, capacitor C; can be utilized
as the variable circuit element in place of capacitor C,.
The capacitors Cs and C4 can exist either as added
lumped capacitors or as the junction capacitances of
the diodes. In the case of junction capacitance, the di-
odes can be diffused upon a pressure sensitive mem-
brane in such a way as to enhance the piezo-
capacitance property of the junction and thus produce
" a pressure transducer. A piezo-capacitance device, not
necessarily limited to semi-conductor junctions, can
also be used for capacitors C; and C4 to provide maxi-
mum sensitivity,

In FIG. 6, a pair of inductors L; and L4 have been
added in series with capacitors Cg and C, respectively,
to produce an ultra-sensitive capacitive transducer cir-
cuit, the operation of which depends upon the Q of the
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inductors and the frequency to which two LC circuits

are tuned. This circuit is obviously frequency sensitive
and has the capability of performing efficiently as a fre-
quency discriminator. This series tuned circuit also has
low source impedance.

A parallel-tuned circuit as illustrated in FIG. 7 which
includes an inductor Ls coupled in parallel with capaci-
- tor Cy, and an inductor Lg coupled in parallel with ca-
pacitor C,. This circuit likewise performs well as a fre-
quency discriminator but has a higher source imped-
ance and produces less output signal than the FIG. 6
embodiment.

Another novel method of taking an output from the
parallel tuned circuit illustrated in FIG. 7 is shown in
FIG. 8. In this embodiment, the output is taken across
a pair of output terminals 31 and 33 between which a

65
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parallel RC circuit, including the resistor R, and capac-
itor C,, is connected.

Still another alternative embodiment of the present
invention is shown in FIG. 9 of the drawing. This em-
bodiment is similar to that illustrated in FIG. 1 except
that the resistors R3 and R, have been substituted for
the capacitors Cy and C,. In this circuit the output can
be expressed as .

(Eou!/Vn)=',2(|Zl| - |22|/|Zl| + |22|)
(7

where Z = X, X,, R or any combination thereof.

Where an inductive transducer is to be utilized to
perform a particular measurement, the fixed inductor
L, and variable inductor Ly can be substituted for the
resistors R; and R, respectively, of the FIG. 9 embodi-
ment as illustrated in FIG. 10. In this case, the output
signal E,,. is a measure of the change in the inductance
of the inductor L.

In FIGS. 11, 12 and 13, additional frequency discrim-
inator circuits in accordance with the present invention
are .illustrated. In these circuits, an inductor L or resis-
tor R is substituted for one or both of the capacitive el-
ements shown in the FIG. 1 embodiment. In each of

-these circuits the center frequency is that-frequency at_

which the impedances of the two lmpedance elements
are equal.

In each of the above circuits at least three leads are
required to energize the circuit and obtain an output
signal therefrom. However, in FIG. 14, a modification
is illustrated which is arranged so that a single co-axial
cable 40 may be used to both excite the transducer and
extract an output signal therefrom. In this embodiment,
a first circuit is provided at the remote end of cable 40
including a circulating diode bridge 42, a capacitor C,,
a resistor 45, and a differential capacitor 44. At the
other end of cable 40 a second circuit is provided in-
cluding a signal source 46, a capacitor C,, a resistor 47,
a capacitor C, and an output terminal 48.

More specifically, the bridge terminal 50 is con-
nected to one end of the inner conductor 52 of cable
40 while bridge terminal 54 is coupled through the re-

“sistor 45 to the outer conductor 56 of cable 40. The

outer plates 58 and 60 of differential capacitor 44 are
coupled to the bridge terminals 62 and 64 respectively,
while the inner plate 66 is coupled to outer conductor
56. The capacitance between plate 58 and plate 66 de-
velops a capacitance Cj, while the capacitance between
plate 60 and 66 develops a capacitance C,. Capacitor
C, is coupled between bridge terminals 50 and 54.

At the other end of cable 40, capacitor C, and signal
source 46 form a series circuit between the other end
of inner conductor 52 and outer conductor 56 (circuit
ground). Output terminal 48 is coupled to inner con-
ductor 52 through the resistor 47 and is coupled to
outer conductor 56 by capacitor C. In operation, the
circuit of FIG. 14 operates identically in theory and
practice to that of the FIG. 1 embodiment with the cir-
cuit of FIG. § connected to terminals 30 and 32. In
FIG. 1 the excitation voltage is coupled to the diode-
quad at terminals 12 and 16 through capacitors C, and
C, where both capacitors are connected at terminal 28.
The performance of the circuit is unaffected if C, is
connected to terminals 12-and 16 instead of 24 and 16
since C; continues to function as a means of coupling
the excitation voltage to terminal 16 of the diode-quad.
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Among the advantages of the present invention over
the prior art are that the circuit output is independent
of frequency; the circuit output is independent of wave
form as long as symmetry exists; no purely resistive ele-
ments are needed in the capacitive transducer circuits;
circuits provided in accordance with the present inven-
tion are up to twice as sensitive as prior art circuits; the
low source impedance produces extremely low noise
outputs of less than 2 microvolts peak-to-peak; and the
circuits can be used for either R, L, or C type transduc-
ers or for frequency discriminator applications with lit-
tle, if any, modification.

Although the above description has been directed to
several preferred embodiments which are shown in
simplified form, it is contemplated that many modifica-
tions will become apparent to those of ordinary skill in
the art after having read this disclosure. It is therefore
to be understood that the description is by way of illus-
tration only, and is in no manner to be taken as limiting.
Accordingly, it is intended that the appended claims be
interpreted as covering all modifications which fall
within the true spmt and scope of the mventlon

What is claimed is: .

1. A transducer circuit, comprising:

first and second input terminals;

a diode bridge including first, second third and
fourth bridge terminals consecutively coupled to-
gether by four diodes polarized in circulating rela-
tionship;

a signal source for developing a signal of balanced al-
ternating polarity across said first and second .input
terminals;

a first capacitor coupling said first input terminal to
said first bridge terminal, and a second capacitor
coupling said first input terminal to said third
bridge terminal; and

a first impedance means coupling said second bridge
terminal to said second input terminal, and a sec-
ond impedance means coupling said forth bridge
terminal to said second input terminal, the imped-
ance of at least one of said first and second imped-
ance means being variable, and the impedances of
each of said first and second capacitors being small
with respect to the impedances of each of said first
and second impedance means at the frequency of
said signal source, whereby an output signal devel-
oped across said first and third bridge terminals is
proportional to the difference between the imped-
ances of said first impedance means and said sec-
ond impedance means divided by the sum of the
impedances of said first impedance means and said
second impedance means.

2. A transducer circuit as recited in claim 1 wherein
said first impedance means includes a fixed capacitor,
and said second impedance means includes a variable
capacitor. ’

3. A transducer circuit as recited in claim 2 wherein
said first impedance means further includes a first in-
ductor in series with said fixed capacitor, and said sec-
ond impedance means further includes a second induc-
tor in series with said variable capacitor.

4. A transducer circuit as recited in claim 2 wherein
said first impedance means further includes a first in-

ductor in parallel with said fixed capacitor, and said’

second impedance means further includes a second in-
ductor in parallel with said variable capacitor.
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5. A transducer circuit as recited in claim 1 wherein
said first impedance means includes a fixed resistor,”
and said second impedance means includes a variable
resistor.

6. A transducer circuit as recited in claim 1 wherein
said first impedane means includes a fixed inductor,
and said second impedance means includes a variable
inductor.

7. A transducer circuit as recited in claim 1 and fur-
ther comprising:

a first output terminal and a second output terminal;

a third impedance means coupling said first bridge

terminal to said first output terminal; .

a fourth impedance means coupling said third bridge

terminal to said second output terminal; and

a third capacitor coupling said first output terminal

to said second output terminal.

8. A transducer circuit, comprising:

first and second output terminals;

a first capacitor and a second capacitor forming a
first series circuit coupling said first output termi-
nal to said second output terminal;
first diode and a second diode polarized in a first
common direction and forming a second series cir-
cuit coupling said first output terminal to said sec-
ond output terminal; » .
a third diode and a fourth diode polarized in a second
common direction and forming a third series cir-
cuit coupling said first output terminal to said sec-
ond output terminal;
first impedance means and a second impedance
means forming a fourth series circuit coupling the
circuit junction between said first and second di-
_ odes to the circuit junction between said third and
fourth diodes; and
source of alternating current.coupling the circuit
junction between said first and second capacitors
to the circuit junction between said first and sec-
ond impedance means, whereby an output signal
developed across said-first and second output ter-
minals is proportional to the difference between
the impedances of said first impedance means and
said second impedance means divided by the sum
of the impedances of said first impedance means
and said second impedance means.

9. A transducer circuit as recited in claim 7 wherein
said first output terminal is connected to said first and
second series circuits by a first resistor, said second
output terminal is connected to said first and second
series circuits by a second resistor, and said first output
terminal is capacitively coupled to said second output

o

o

[
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-10. A transducer circuit, comprising:

a first output terminal and a second output terminal;

first, second and third series circuits coupled in paral-
lel between said first and second output terminals,
said first series circuit including first and second
capacitors coupled together at a first circuit junc-
tion, said second series circuit including first and
second diodes coupled together at a second circuit
junction and polarized in a first common direction,
and said third series circuit including third and
fourth diodes coupled together at a third circuit
junction and polarized in a second common direc-
tion;

a first impedance means and a second impedance
means coupled together at a fourth circuit junction
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. and"forming a fourth series circuit coupling said
second circuit junction to said third circuit junc-
tion; and

a source of alternating current coupling said first cir-
cuit junction to said fourth circuit junction,
whereby an output signal developed across said
first and second output terminals is proportional to
the difference between the impedances of said first
impedance means and said second impedance
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10
means divided by the sum of the impedances of
said first impedance means and said second imped-
ance means.

11. A transducer circuit as recited in claim 10
wherein said first impedance means and said second
impedance means have different impedance character-
istics.





